' r 



DOCUMENT RESUME 

1 



. ED 2.13 837 



TITLE 



INSTITUTION 
.SPONS AGENC7 



PUB- DATE • 
.CONTRACT 
NOTE 

AVAILABLE FROM 



'X- . 

CE 031 460« 



EDRS PRICE . 
DESCRIPTORS 



IDENTIFIERS 



ABSTRACT 



Fundamentals of Electrical Safety. Module SH~03. 
Safety and Health. % 
Center for Occupational Research and Development , 
Inc., Waco, Tex. , ,/ - ' ) 

Office of Vocational and Adult Educationr (ED) . 
Washington, DC. Div. bf National Vocational 
Programs. 
81 

300-79-0709 

36p.; For related documents see CE 031 450-50% 
The Center for Occupational gesearch andjJevelopment ,' 
601 Lake Ai/r Dr., Suite C, Waco,' TX 767KT (Instructor 
Guides, $9.75 each; Learning Modules, $3.00 each. 
Entire set of Leaoning .Modules available as two 
subset's: SH-21, SH-41, SH-43, SH-45, an* SH-48, 
$12.00; remaining 45 modules, $97.50). 

MF01 Plus Postage. PC Not Available frttn Ed£s^ 
Behavioral Objectives; ^Electricity ; *Health 
Education; •♦Learning Activities; Learning Modules; 
PostseCondary Education; *Safety Education; Secondary. 
Education; *Vocational^iducation v 0 
♦Hazards; ^Occupational Safety and Health 

| # ' 

This ptudent module on fundament /is of electrical 

job safety and health, 
can affecft the human 



4* 



modules. concerned ^ith j 
s electricity and how it 



safety is, one of 50 

This module describe. . v 

hody. Following tlje introduction ^nin^Ajept ives (each keyed to a 
page in the text) the student is expeJfR-^o accomplish are listed 
(e.g., Name five commbn elec£rical hazards). Then each objective is 
taught in detail, sometimes accompanied bv; illustrations . Learning 
activities are** included. A dirt of references and answers to learning 
activities 'complete the module,. (CT) 



V* ***********************&****** *****************************/*?****** 

* Reproductions supplied by EDRS are the best that can be made * 

* / frota ^he original document. 
************* ********* *********** ****>************************** 



r******** 



ERLC 



SflFCTV AND HCfllTH 



CO 

rvj 



FUNDAMENTALS OF. ELECTRICAL SAFETY 



i 



+ < , 



^- -is . '. . . . . X- • 





U S DEPARTMENT OF EDUCATION 

NATIONAL INSTITUTE OF EDUCATION 

tO./,AT OVAl RESOURCES i\FO«MAT^. 
r EN T ER ERIC 

V t i .f) '".rr •-. p»»"Cj' l' - J JHC /I '« 



TO THE EDUCATiONAl RESOURCES 
iNFOfMAT'ON GEN'ERjFPif 



CENTER FOR OCCUPATIONAL RESEARCH ANO DEVELOPMENt 



DISCRIMINATION PROHIBITED - No person in the United States shall, on the 
ground of race, color, or national origin, be excluded from participation in, be de- 
nied the benefits of, or be subjected to discrimination under any program or ac- 
tivity receiving Federal financial assistance, or be so treated on the basis of sex 
under most education programs or activities receiving Federal assistance. 

The activity which is the subject^ of this document was supported in, whole or in 
part by the U. s! Department'of Education, hfbwever the opinions expressed 
herein do not necessarily reflect the position or policy of th^ Department of 
Education, and no official endorsement £y the Department of Education should 
be inferred. j ^ 

This work was developed under contract number 300790709 for the U. S. Depart* 
mem of Education, Office of Vocational and Adult Education. 




T\* U. S, Department of Education and the Center for Occupational Research 
and Development assume no^aoility for personal injur/ or property damage 
-incurred t\y £ny 'person or organization making use of the material contained 
herein! Use of the materials herein is for educational ana training purposes 
and i$ hot to be considered as an exemption from either Federal or State Reg- 
Citations, and is to-beconsidered as advisory only. y. 

All rights reserved. No part of this work covered by the copyrights hereon may 
be reproduced or copied in any form or by any means — graajpic, electronic, or 
mechanical, including photocopying, recording, feomg, or information and 
r retrieval systems -'without the express permission of the Center for Occupational 
Research and Development 



e m COPYRIGHT © 1 981 

The Center for Occupational Research and Development 
f . 601 Lake Air Drive, Suite C 
' ' W4co, Texas 76710 



ERIC 



4 



INTRODUCTION 



Electricity is our moat versatile and widely used form of energy. El?c- 
Mricity lights our buildings and streets, heat$ and cools our 'homes and wor*k-— 
places, provides a medium for coronupi cations and conjputers, and- drives elec- 
trie motors for machinery. jOur society has advanced, ^industry has prospered, 
and the physical demands on workers fave been reduced because we 'have put 

» * r 

electricity to work for us. 4 

However, when electricity is misused due to ignorance and- disregard, or 
if anelectrical tool or circuit malfunctions, electricity can become a, dead- 
ly hazards When electricity comes into d i\ec t, contact ',wi th the human body, 
an injury or death mayVesult. Electricity is only safe if it is used and 
controlled properly; ft is not something to fear, but it should be respected. 
And, respect for electricity can only come from adequate knpwledge and a 
healthy attitude about electrical safety. ^ ^ 

.This module describes electricity and how it can affect^the , human body. 
It identifies potential electrical hazards, .safety devices, and procedures 
to follow that will^ reduce the. ppssibil i ty of an electrical accident. 



OBJECTIVES 



Upon completion of this module, the student should be able to: 

1. Explain what electricity/is . (Page 3) . 

2. Define voltage, current, resistance, and/power. (Page* 3) *■ 

3. Differentiate between conductors and insulators, and describe their func- 
tions. ' (Page 6) * , * f \ 

4. Name the, major components of an electric circuit, and major- types (Page 

5. Name five common electrical hazards. (Page 10) ^ , » , . 
6! Describe the body's reactions to electrical stack, and list the, proper 

first aid, procedures that shod4d be applied 'in order" of ♦heir; importance, 
, (Page 12) . ' * . . / ; 

7. State six OSHA requirements f or* el^ctrifcal safety/ (Page ?7) 



- * - ' v.. 
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8- Lis£ and discuss at least five safety feature*available for electrical * 

equipment, (Page 20) - 
9. List the prescribed OSHA rgleS to follow* %hen using lockout procedures 

a*s' a method of prQtection. (Page 28)- 

■ ,'.< •. . "• • 
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SUBJECT MATTER 




. . In order to protect yourself from elecl^ical hazards, you must first un- 
derstate how electricity wor^s: Electricity is a form of energy; it is tiny, 
charged particles', called electrons, that move in the same direction through 
a material. The electron, - one of the basic # building ^blocks of an, atom - 
carries a negative' electrical charge. Electrohs can move insolids, liquids, 
or ga^es; *and'when a large number of them move together in the same direction' 
at the same time, they create an electrical current. k 



ACTIVITY 1: 



Circle the letter of the selection that best answer? or 
completes the numbered statement or- question. * * 
1. Electricity is: (a) a form of work, (b) a form of 
energy, t(c) a movement of atoms, {6) none "of the " 
above. ■ * * 

2 V . Electrons: (a) are smaller* than the atom, (b) car- 
N ry a nkgativs eljectr^^harge , (c) are mpvable, (d) 
VII of the above. % ^ 



objective 2: Define voltage/, current, resistance, and 
power. . * •* 



Elect^igal current is electrbns flowing irt a material past a particular 

point in a given,, time;* current i§ measured in AMPERES (represented by the sym-* 

bol I). Electrical curS(it^ flows through a material in a manner similar to' 

water flowing^ through a pipe.* "The pressure that causes an electric current 

to flow is called .VOLTAGE (represented jfa the symbol 'V). Some voltage sources 

. » \- . . 

are batteries, generators, and wall plugs.. 

- 4 * 

When current flows through' a mafeVtal , there is"an opposition t^ the flow. 
Called RESISTANCE. (represented 'by thfe symbol # R).- The resistance of materials 
varies according to fche type o1%aterial, its size, and its shape. 
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" . < The three fundamental quantities of electricity - current, vcjlWge, and 
resistance - are shown symbolically in the circuit in Figure 1. 



/ 




Figure 1. electrical circuit for OhfTs Taw. 

The relationship between these quantises is a simple equation called 
Ohm's law, which states that current (I) is dirfettly proportional to the* ap- 
plied ,vpl tage (J?) and is inversely proportional to the "resistance (fr)/ This, 
means that, should -tjia^vol tage across any material increase , ^thea the current 
flowing' through the material also would increase as long as the' resistance of 
the materttfl remained the same.- "And, if the voltage across two different re- 
sistances "^ere the same, current would be $he greatest -through the smallest 
resistance. -Ohm's law can be represented in a mathematical equation by use 9 
of the symbols I, E, and R (current, voltage, and resistance, respectively) 
in three different arrangements. ''The resulting three equations of-Ohrri's law 
are as follows: ^ ' # 0 



fE ± I x R 
I *= E/R 
R = E/I 



Equation I* 
Equation z 
EquatiQn 3 



- . Ohm's law equations allow ^s to determine the„ amoynt 4 6f any orie of 'the 
quantities if we kn6w the value of the other. 'two. (The following are.examp.le 
uses. of Ohm's law. \ 

1". Given: Thee toaster in "the' kitchen is attached to a vol tage- source 
• * * that provides "120 voS4s*and 8 amperes of current. Using 

' 0 + R = E/l , 

ThB. resistance of the toaster. s 
R = E/I ^ > ~ 

g = fl2fy voltsY(8 amperes) 
R ='T_5^rTms. 
f 

~ 7 i - . • • 



Find: 
Solution: 
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*2. Given: - The incandescent' light bulb in a *l§mp has a resistance of 192 
ohms 'anfcrfias 120 -vol ts 'appTied to it. Using I = E/R. 
Find: " The .currenttfl owing through the light bulb. 
Solution: I = E/R 

I = (120 volts)/(192 ohms) 1 , 
\ I = 0.625 amperes . 

3. Given: A clock has^a resistance of 7200 ohms, and a curren^ of 
0.016667 amperes 'is flowing through it. Listing E = I x R, 
Find: The voltage that is present across the clock. 

^Solution: E = I x R - i 

E = (0.016667 amperes)x(7200 ohms) 
• . E = 120 volts . ' . . ^ . u 

Two important facts about electricity are demonstrated by Ohm's law; they 

1. Current will always flow through the pathway of the least resistance. 

2. k If there is enough voltage, ther^ will be some current^flow regardless 

of the amount of resistance present in a substance. 

These facts bear heavily on 'a person's safety when we consider the effects of 
electricity. , ^ 

- To ful ly Appreciate the effects of electricity ^in equipment and oft the 
human body, we must examine one 'additional quantity - electrical ^power. You 
have noticed that light bulbs are available in different; "wattles ," *end you 
know that a K)0-watt light bulb provides more light than a 50- or 75-watt 
light bulb. The watt is the, unit of measure for power, which is represented 
by "the" letta*>£. In simple resistance circuits such as for light bulbs, 
toasters, and heaters, powef is the product of current and voltage and is cal- 
culated from -the equ^ticjn, 

p = 1 / E ft ~~ • Elation 4 



sec on 



Thus, "you can see that the light bulb in the second example use Ohm's law 
.above must have a power rating of 75 watts as shown in the following example. 
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Given: • 

Find: 

Solution: 



= 120 volts*, I = 0.625 amperes; and Equation 4. 

- I x E > . \ . 

= (0.625 amperes) x (120 'voltes) 
= 75 watts, * 



The effect^ of electricfty are determined not only by the ^current flow- 
ing ^rough a substance, but by. the voltage applied across it, and the amount 
of p^P~ used by it. The effects of electricity tha\,are most important to 
this module* are' those that result in hazards to human life and property.. 



ACTIVITY 2: 



1. Match the ten? in Column A to the correct defini- 

umn B by billing the' blanks with 



in mk\ 



tion found i 
the approprilff~letters 

Column A 

Voltage * a. 

Power b. 

Current c. 
Resistance 

Ohm ' s 1 aw d ' 

e. 

' . .f. 



J 



State Ohm's law. 



Column B 
* t • 

\ = I/E 

The*force that causes elec- 
tron 'flow 

The directional flow of elec- 
trons 

I x E 

The opposition of electron 
"^rovement in a. material 



OBJECTIVE 3: Differentiate between conductors and in- ' 
sulators, and describe thetr functions. r 



Some materials provide very little resistance to the f 1 ovc t of el ectrical 
current; these materials are called c<?nductors. Examples of, conductor^ >r« 
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metal wire and tubes Sal ty or dirty water , 'and'ioni^ed gases . (sucjj*as in 
fluore'scent lights). 

•Other materials have a very high resistance to* the f?ow of electrital 

% current; these materials are called insulators.* - Examples of good insulators 
are dry rubber, pAper, leather, glass, and plastics. When insulators are wet 
(with water) they sometimes become good conductors. Air is usually a good 
insulator. WHen a wire «in an electrical circuit is cut or broken^nd there 
is an air gap (one-half inch or more) between the ends of the wi % re5 current 
will not flow in the circuit. However, if the wires are brought very close 

| together, the electric. current v/i 1 1 "arc 1 '' across the remaining gap apiKcur- 
rent will, flow through the air. ' ^ 

An electric switch is usually a mechanidal device inserted into a cir- 
cuit that has a closed (or ON) 'position and an open (or OFF) position. When 
the switch is closed, current flows through it; when the switch is open, an 
au'r gap separates two, ends of a metal conductor and current will n«t flow in 
the circuit. Figure 2 shows a simple electrical circuit with^a switch. 



CLOSED SWITCH 





'Figure 2. Circuit w-tth switch. 

A common example of where both insulators* arid conductors are used can be 
found in the ordinary electric cord. The copper wires in the cord are con- 
ductors through whic.h electrons move. An ( insulating material, such as rubber, 
is Wrapped a^o 4 und each wire to ^revent electricity' from flowing anywhere ex- 
cept along the conductors. - . 



# 

ACTIVITY 



Briefly define the following terms: 

' 1 . Conductor ^ 

v 2. Insulator 



V 



^19 
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OBJECTIVE 4: Name the major -components d of an electrical 
circuit, and the major types. 



V, 



Because electricity is so versatile there is not a single system or, cir- 
cuit that is representative off all electrical • appl ications . '.Howevj^/, all the 
circuits that exist can be classed into three categories.. Furthermore^ all 
circuits have three major components. These three components are: 8 % 

* • A source of electrical gakrgy. 

• A pa^h formed by a conductor or conductors. , • ' ^ 

• A load (usual ly represented by a resistance} tjiat .converts the elec- 

v trical energy into work. % 4 • * 

• >» . + 

Wfran t^hese three components arj^ present , an electrical circuit exists. For 
the c'irquit to work, the energy Source must provide a volt&ge to cause current 
to flow> As noted by Ohm's law, the greatest current will always flow through 
the conductor that presents the least resistance. These conditions, a>e valid 
for both alternating current (a. c. ) and direct current jd.c.) electrical cir- 
cuits,* ' 

A closed circuit is formed when there is a complete, unbroken path for 

N 

the flow of current from the source to* the load and back .to the source.' In 
a d.c. circuit this flow is always in one direction^ in an a.c* circuit the f 
direction changes' back' and forth. Because each closed circuit is the same y 
(functionally) regardless of the type^of electricity, alf closed circuits can 



be represented by Figure 3. 




CONOUCTO«S 



LOAO 



Figure 3. A closed circuit. 



The dpposite of a closed 
circuit is an open ; circui t. - 
Current cannot flow in an 
open circuit because there 
is no complete pathway for 
energy to transfer from the 
source to thfe load and back 



r 
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*"A.c. and d.c. " refer, te the two major types of electric current. D.c. is 
direct current - electron movement is in one direction. A.c. is alternating 
current - electron movement changes at regular intervals from on?" direction to 
the opposite direction: A battery is a source of d.c, and the wall outlet in 
your home is a source of a.c. 
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to the .source. 



An ope**^ir^^ by design. When a" 

switch is t placed in one % of*tlfe conductive -path's between the source and the 
16ad, it is' pdssfble. to'contral .whether the'cirouit is' open or;closed. tfhen\ 
you. turn' on a radio-, .lamp, drill yfcr^any ejeotrical device, tl^ swjtch cl9ses 
an electrical circuit. When a lamp tord becomes frayed and- one conductor is 
broRen, or when the -filament of a ligfotiSulb in the, lamp breaks, the circuit 
has been opened accidentally. * ' " 

A third type of circuifcis a short circuit, TJie short-circuit, occurs 
when a path is introduced into a circuit *that drastically (or significantly) * 

' ' p lowers the tgtaj reiistance r 

p * ^ s m pf the. circuit and, diverts 

j^mo^t of the current away from 
^ the intended' loa^*The block 
/ diagram in Figure 4 shows a 




CONDUCTORS 



SHORT 



-t 



LOAD 



-simple shprt circuit,^ The 
short circuit in Ficjune 4, 
\ ] . although "Simple, represent? 

. , the most serious type because 

the short reducejs the apparr-. 
Figure. 4. A short circuit. ent re sistance> the circuit 

to nearly zero ohms, resulting in a very large current^ Short, circyits often 
occur .accidentally and by different means ,>such -a^:- * 

1. The insulation ssparatirig th§ two conductors in a lamp cord breaks down 

, v 

z arrd allows the two conductors to come in cflntact. 
L A gl^ss of water is tipjred over; on top of a TV set; some of the water 
* gets inside the power supply .and shorts^he two conductors of the high- 
voltage supply tog'etller. ' - n 

3. A crane* operator at a construction • si.te f accide|tal ly swings the -boom -of. 
the crane so, that it. comes intcrtcontapt with the high-voltage line'of * 
« the public service company.' • mi 

* In each of these situations, a low-resistance pajth i's ^iserted into the 
circuit. % The lower resistance provides a new path for currmt to return to 
the source, and more current is 'drawn from the- source/ tban its normal opera- 
tion. 



r 
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\It camiot.be overemphasized how easily and how quickly open circuity 
can be changed" to p closed, circuit or to a short circuit by the breakdown of 
some -ins*i*Won or* the introduction of a new conductive. path. The concjuttive* 
path does not ^ave to be metal; it can Be rnoisture,, vegjptabWjnatter , or a 
human body.' The earth on which we stand tfan represent a donductive path to 
drtw current from "a circuit. Thus, if a conductive pathway is provided. from 
a .source of voltage to the aacth, £here will be current flow as if there were 
a .simple closed circuit. Connecting $ conduct6r from a load or- source to the 
'earth is, called "grounding." 0 * & 

To be able to understand -th^ hazards that exist with electricity and 
electrical circuits, it is very important to remember two basic facts. . ^ 

1. When a cirouit is "closed" and current flows, electrical energy is'trans- 
- mitted fronj the vpl-tage source to r the load (resistance). 

2. ' ATI substances are potential conductors of electricity. 



ACTIVJTV 4: 



(Briefly define the foVl owing terms.) 
* ' K \\ - *d£sed circuit . i_ 



2. .Open circuit 







3.5 V Short circui't 



OBJECTIVES: Name five common electrical hazards. 



Electricity poses 'a wide number of hazards to both people and equipment. 
Electric shock is a major hazard,- under certain conditions, eljctricity can* 
cause severe burns and. even death. ^ The intensity and effects of shock depend 
on the' path of the current, the amount of tJ*2 Current , ,a'nd the length of time 
in contact with the current. % 

Industrial fireS are another mag or electrical hazard. According to the 
National F 're 'Protection Agency and Factory Mutual, electrical ignition is 
the most common r^se of industrial fires. Ignition of flammable materials 
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may dt^ur due to defective or faulty wfring, insulation failure, motor tfou- 
„bles, or imprpper, circuit bneakers and \switc hies, ' Insulation failure m3y re- 



/ 




-suit from misuse, overloading, aging, or attack by a foreign substance, 

Ano'ther source of electrical hazard is the accidental starting of equip- m 
ment. besides encountering electrical shock from ci/cuits that should have 
been left disconnected., persons 'have been injured by accidAtal starting of 
y mechanical equipment like presses and dbnveyor bel^S when power' was inadtfe^- 
tently* restored. Proper control on hazardous equipment and taggingsw-i tches 
to circuits that are to be disconnected remain tye best way? to avoid this^ 
hazard. * . ' * 

' ' The improper use of electric&l equipment is another common electrical 
' /hazard. Persons who^are to operate any electrical equipment should be in- 
structed in its proper usage and care. j • 

'Because the. use of electrical power creates heat due to resistance, over- 
^^heajing of equipment can produce a hazardous situation. Overheating can cause, 
material's to reach, their temperature of autoigni tion , ignite flammable vapors 
: present, or cause equipment to fail. Overheating may ,al so cause surfaces of 
equipment to Income hot enough to cause 'thermal contact burns. Even common 
dry-cell batteries, used to^ power flashlights, portable radios, an9 camera 
flash attachments, cary:ause problems when improperly stored or carried. Any 
pondi/ctor / *cci dental ly placed- irrto contact with both battery terminals could 
possibly produce enough heat to cause a burn orgeat intense enough to start 
a fire. In one instance, a smoking nine-volt battery was'rdnoved from a 
purse, where, after haviag been removed from a portable radio and dropped into-' 
'contact with coinS in the change compartment, <a short circuit occurred and 
produced enough heat to create a hazardous situation,. » y 

Many electrical tnci'dents are caused^ by faultyV improperly used tools • 
and equipment, -Examples .include worn or fra^i^power cords, removal of three- 
prong plugs, and an. electrical short to the metal case of the equipment, A 
program for maintenance and inspection of electrical equipment would be help- 
. ful in avoiding potentially dangerou^rlTuations , An established testing pro- 
gram of electrical components will reveal problem areas in equipment, pro- 
cesses, or uS^ge that can prevent senious incidents. Annual or semiannual 
insf^fl^Liofi and ''testing of circuits and permanently mounted equipment, as well 
as more frequent* testing of portable toots, cordse^s, plugs, and so forth, 

^ ' S^-03/Page Ilk 

14 



might be performed depending upon frequency and type of usage. yd* 
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ACTIVITY 5: 



List^five common electrical hazards, 

7. 

2. , 

3. 



4« 

5. 



OpfecTivE 6: Describe the body's reactions to electrical 
'shook, and list the proper first afd procedures that 
should be applied in order of their importance.- 



Accidents involving electricity occur every day. Approximately 1000 ac- 
cidentajLslectrocutions occur in the United States annually, with one-fourth 
being,, occupationally related. Additional ly , thousands of other persons re- 
ceive burns and other injuries as the result of unplanned contacUwith elec^ 
trinity. r * * 

Electrical shock is the sudden and accidental stimulation of the body's 
nervous system by an electric current. As stated previously, effects of elec- 
trical current depend upon the path of the current, the amount of current, 
afld the length of time in contact with the current. A person can become, a 
part o.f an-electrip/l circuit by touching both ends of -an open circuit at the 
"same time, by contact with a short circuit, , or by contact with a current- 
carrying conductor while in ctfntact with ground (earth). ' , 

The effects of current on -the human body range from a mild tingling sen- 
sation to death. Contact with current can cause severe muscular' contractions 
strong enough to break bones, as well as deep tissue -burns and heavy bleeding. 

i A commonly held misconception is that high voltage is more dangerous than 
low volt^jjp. Low voltage (down to approximately 50 volts) can kill gust as 
quickly as high voltage; severity of shock is dependent upon current. Less 
than one amper)b of current can cause death because current flow is related to 
Voltage and r^s'istance; Ohm's law demonstrates that SDecific conditions at 
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the* time of the incident determine tha degree of hazard. 

The current that flows through^eody depends' on the resistance between 4 
the body and fhe points of contact}/*^ well as on the resistance of the body - 
itself. Dry, cl ean , 'untyroken ftumanjs^ta^has an electrical resistance of^ 
10P,00Q to 600,000 ohms, depending,' on thickness. Wet or broken skin has a 
resistance of approximately 500 ohms. Thus, with the same voltage sourcfi one 

0 could receive 200 times more Gurren&with wet skin than with" dry skin. If 
the current stays on t the out-side of 'the skin, a person may only receive minor 
burns, but^if the current- cam p§netrate|the skip, the damage can be mpre seri- 
ous. - i / 
Thotigh current is the primary "source of electrical damage to bofiy tissue, 
the'cOmmorl 60-heftz a.c. line voltage provides a unique danger to the heart. , 

* Because 60 hertz is close.ttTthe frequency at which ventricular fibrillation 

* of the heart often occurs*' 60 hertz ts more' disruptive to the human nervous 
system than pure d.-c. VentricularyMbrillation occurs when each individual 
muscle fiber of the heart contracts:"^ an iVregular, random twitching manner 
that result^i^ no pumping of* blood/ The danger of ventricular- fibrillation 
is far less with ale. that is higher pr lower than 60 hertz in frequency. 

" *The effects of current, specifically 60 Hz a.c, on the human body can - 
be -better understood by examining the facts presented in Table 1. * 

ta^le r * 

EFFECTS OF 6Q-WZ A.C. ELECTRICAL StfOCK 

• 0.001 ampere - The shock is barely fslt. The major hazard is high 

probability th?t the persorv will make a sudden, involuntary 
" . movement that will t ciuse hi^n br her to fall or to come into 
contact with something- more hazardous^ ' , 

• O'.OOi to'0.025 amperes - Muscles will be paralyzed if the current . 
' , path is through the bqdy. i With muscle control paralyzed, a 

person will be unable break contact. Men's muscles become 
paralyzed at a miTiimunvN:urrent of 0.009 amperes; and women's - 
muscles become paralyzed at a minimum current of ,0.006 amperes 
I - ' on *^he average. ^ * . • 

0.025 to 0.075 amperes -<vThe electrical shockvean -be very painful, 

artd severe muscular contractions caa, occurithat are strong 

enough to break bones/. Pfolorrged contact Jill produce uncon-- 

sciousness and death in approximately three minutes if paraly-* 

sis <Jf respiratory muscles occurs, , 

* • i ? 
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• £.075 to 0.3 amperes:- Death is a near* certainty if exposure to 
this' level of current extends tojonger than one-quarter ;of 
a second. 




• 2-5 amperes or greater -.The heartbeat of a person. exposed to this 
level of current will stop immediately, with severe tissue' dam- 



age a ^certainty, 



J 



The internal resistance of ithe bod^ also contributes* to the potential 
severity of shoek* Internal body resistance, due to the conductance of body 

fluids, may be 300 ohms for 
ciirfent, flow from head to foot 
The path- of current is impor- 
tant when discussing shock' 
damage. Most fatal electrical 
shocks travel through the 
heart. This means that hand 
to hand, either hand to the 
left foot, or head to foot 
sho'ck^ have the' most potential 
for serious injury, (See Fig- 
ure 5, ) 

There is little time to 
waste in the event of severe „ 
electrical shock. The vfctim * 
should be removed fronfrcorv r 
tact with the current as fbon 




( 



1 



- Figure 5, Fatal injuries can 
•occur when shock -current 
passes through your body- 



unygn 

as possible, and in a mannef 



i * 



J 



that will not pose a shock 
* \. r hazard to the rescuer. If the 

victim is near or touching live wires, the wires should be removed with a dry/ 
nonconducting object.. If the power cannot be shut' pff, ttte victim Should be % 
pushed or dragged from contact with dry wood, rope, or other insulating mate- 
rials. After the* victim has been removed -f rom contact~with the electricity, 
call for medical help and- begin first aid procedures immediately. Resuscita- 
tion efforts should always be attempted and continued. There is oo way to 
tell what damage the victim has sustained* but efforts' should be "made to give 
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BEST 



GOOD- 

f 

FAIR< 



POOR 



CURVE'SHOWING POSSIBILITY 
OF SUCCESS PLOTTED AGAINST 
ELAPSED TIME BEFORE' START 
OF ARTIFICIAL* RESPIRATION 




• 



10 15 20 

tSmein.minutes 



Figure ,6. ^hi possibil ity of ^suc- 
cessful revival decreases. 
, with time. 



only .by trained and certified persons. 



thatf person the best«.j)ossible chance 
for survival. Figure '6 demonstrates 
the importance of beginning revival 
efforts immediately. 

Detailed instruction in QPR 
(cardiopulmonary resuscitation) i$#be-^ 
yond the scope of this module?; it re- 
♦quires special training in the recog- 
nition of cardiac arrest and in* the 
performance of CPR. Instruction in- 
cludes practice of proper individual 
and t^am resuscitation of .a special 
mannequin. CPR should be performed . 
Training through the American National 
Kfcd Ci^oss is offered throughout the nation* a^a-11 to the l^ocal f^ed Cross ch^- 
ter will place, you in contact with those who can provide training in CPR and 
^in mouth-t/&-mouth'bre^thing, as well as other first aid procedures. The 1m- 
,portance*of receiving suck training is that it can mean the difference between 
saving a life pnd letting a person jlie. 

"To perform first aid to a person who has come into contacT 
ity and wh6 is unconscious-, the following steps must be taken: ■ 

k 'Remove the person from contact/with the current without coming into con- 
* >tict wtth it. f • ' 

2. Check tb see if the victim is breathing and if Uiere is a heart beat pres- 
ent.' If the persop «frs not breathing, is not breathing wel 1 j*admini ster 
mouth-tq-mouth breathing. If £here*is no pulse, administer CPR. 

3. - When the person i£ breathing on his' or her own, check for other problems 

ttigt may qeecJ. immediate attention. If the person is bleeding excessive- 
ly, stbp £he bleeding by us^e^of pressure on the wound or on pressure 
points .in major arteries or veins. 

. 4. 'Determine severity of burns. Burns are common Jn electrical accidents, 
and can be quite serious. .Severity of, burns is dependent upon depth, 
area, and ldcati.on.' The treatment required is different for each degree f 
severity, and the correct first aid -procedure should be followed. 

5, If there are.any broken- bones or severe sprains, the best idea is tp im- 
mobilize the limb s* that the break cannot experience motion and cause 
greater damage*. 5 ' 

tin addition to n foJ lowing the preceding steps, the person admimsteVing 
' • . ' • SH-Q3/Page 15 
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first afd 'should check the victim for signs of physiological shock (not elec- 
trical shock). Shock* results from the depression of vital body functions- 
It can be life-threatening even though the actual injury might not be fatal ' 
otherwise. Vital functions are depressed when a larcje amount of blood is 
lost, when the rate<of blood flowis reduced, or when the oxygen supply is 
insufficient. Shock can^e caused by any type of severe injury. Injury- 
related shock is different from electric shock. The ,symptom4 of injury-re- * 
lated shock- incl ude pale (pr bluishjl skin, rapid pulser, and rapid breathing. 
The victim should be left lying down, agd covered^jiift enough to maintain th^f 
body temperature. Medical Kelp should be obtained 'as soon as possible^ 

Thi£ objective has shown what happens* when the body is exposed to elec- 
tric current, what should be done for a victim of accidental electrical cpn- 
tact, and what order 'should -be followed. Obtaining v the information arj^ train- 
ing necessary to be effective" in giving first aid is ay/ailabW, either through 
one's employer / the YMCA, the'YWCA, or the American Red Gross, 



ACTIVITY 6: 



1, m Identify the th^ee greatest dangers that can ariose ' 
from accidental contact with electric current. 



a, < 



b, 
c , 



2. Number* t^e following results of Electrical shock and. 
'the order in which they should be treated to save 
•the victim's life. 

Shallow cut to arm, ' 

Burns on ha-nd. * . - ^ 

* *j \ ' \ 

No heart beat. / ^ 

\ \ Deep cut 'on thigh, with severe bleeding/ 

Rapid pu>se 4 and breathing. 

Braken leg. , 

Severe burns gn head and neck.* m , m ' 4 

* Person. cannot breathe on own.' 

- 1 . 



4 
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dBJECTiVE State- six OSHA requirements for electrical 

x ' 

Safety., \ J • % 



The Occupational Safety and .Health Administration (OSHA*) has determined 

that^lectrical. hazafrds its the workplace Create significant risk'of injury or 

death for employee? ar\d* that regulations, are necessary to provide protection 

f**om these hazard^ OSHA has reyised the electrical standards found in Sub- 

* } 

part S of 29 CFR Part 1J910 and incorporated requiremeats from the National 

E'ftctrrc .Code* * ~ 

To be approved by 0SHA% electrical equipnfent and conductors must be ac-' 

ceptable to'the Assistant Secretary of Labofe^ To* be acceptable, equipment • 

must be either: * % 

1. Accepted, certified, listed, labeled, 'or otherwise determined Co be safe 
by^ a nationally recognized testing laboratory (such -as Underwriters' Lab- 
oratories, Inc., Factory. Mutual Engineering Corp.,, or so forth). 

2\ Found in compliance yith the National Electric Code by a government agen- 
cy' responsible for .enforcing the^ Code, - « 

3. Determined to be Safe for vts intended u$e by its manufacturer on the 
basis of test data kept t5y the employer and available for inspection t^y 
the Assistant Secretary. Sr his authorized repfesent^tiveV. 

OSHA has several requirements* to increase electrical safety, f hese # re- A 
quirements include the us&M)f interlocks, physical, farriers , guards, and warn- 
ing signs on machinery; isolation of high-voltage equipment; and routine in-' 
sj5ec£ions'. | ^ . - % 

Interlocks are circu-it switches-injtal-led on <f panel door , etc., Of an 

-enclosurg. When the enclosure is opened, the' circuit is de-energized because 
the circuit i-s broken. ^Interlocks* shoul d be provided to interrupt power when. « 
access to ^nergized Equipment interiors may occur. The interlock should be 
fail-safe. This means that failure of the interlock mechanism, loss -of power, % 
shqrt-cirtuit , or malfunction vf equipment must cause the interlock to inter- 
rupt the circuit - despite these conditions, the interlock should continue to, 

^function and, therefore, protect. "The interlock also shcfuld provide a visible 

disconnection vn this primary power circuit and cyi arrangement "that makes any f 

attempt to. override or circumvent the interlock impractical. Interlocks should^ 

» * * 

never be removed, modified, or tampered with. 

Physical burners prevent accidental contact with equipment. Barriers. 

• k ' A 
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Figure 7. Guards and barriers prevent 
« accidental contact with energized 
equipment. 



may be made of any number* of mate- 

/ n '•* 

rials. Although wodtdtis flammable, 

it is nonconductiveSas are certain 
plastics. (Jarriers^may b§ mfetal , 
metal mesh, wood, plastic, or any 
combination of these* material's. 
Guards &b machinery will allow suf- 
ficient access to'eqaipment while 
preventing contac^wi^tv energized % 
parts. No machinery should be op-» 
erated with guards removed or modi- 
fied. Figufe^niustrates the 
use olCQua/^ and barriers. 
Warning signs should be large, easily read , Indl vtsible from al> ap- 
proaches to danger. They should be placed it all hazardous and dangerous f 
areas such as higb-voltage equipment or exposed, current-carrying pa^ts. In 
addition*, marking of ports' of access to hazardous equipment should -be made 
obvious. 

Isolation of equipment will prevent untrained or unauthorized persons 
from comfng'inta contact with hazardous equipment. ' Fenced areas, for example 
- prevent unauthorized persons from contact with large electrital transformers. 
Large motors; generators, bus bars, and panels should be enclosed by some iso- 
lating meahsf. All uninsulated conductors. should be in v/ults, or should.be 
enclosed b/ some other typ£ of sAyrity. Access should be by trailed person- 
nel onl>/ Doors and^ates shoirld^re locked/and only electrical technicians 
or persons familiar wfth the hazards^involv4T^|ould have access to keys. 

Implementing and following all requirements stated by OSHA .may not be 
enough.* With natura> wear and tear on equipment and the effects, on equipment 
from the environment and time/ hazards can develop unnoticed. For this rea- 
' son, it i* important that alTelectrical-^dol s «and equipment be inspected at 
regular intervals by persons- qual if ied to recognize and correct hazards. The 
dedicated maintenance person is indispetaible to this step. Table 2 is a 
check list for inspection of ha^rds in electrical equipment. 
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TABLE 2. INSPECTION OF ELECTRICAL EQUIPMENT. 



CHECK WIRING FOR: ♦ % 

( ) Electrical installations in hazardous areas* not conforming to codes. 

(. ) Damp or wet wiresy * 

( ) Splashing of corrosive solutions and vapors on tfires. . ' 

'{ ) Oil or grease on wVlng. 

( ) 8rofcen fittings and^**tlosTji»es. ^ 

( ) Weakened insulation. ' 

( ) 'Weak armored cabre .attachment to switch boxes. 

) Absence of protective busing when open wires enter boxes. 

( ) Wear on drop cords of pendant lamps. 

( ) Cables grouped in a junction box, pull £ox, cableWay, trench, manhole, without 

orotection or safeguards'. . * 

' ) Presence of abrasive and cy ducting dusts, or meta>lic chips, on equipment 

( ) Insulated wiring that fee lT warm to the hands wheft a ctirrent is passing throuqn. 

• ) Installation of new current drains without compensating with heavier wiring. 



CHECK MOTORS AND GENERATORS FOR: 

' ! Overloading. / ' ** , 

■ ) Too freoueqt starting^and jogging, or similar misuse. 

( ) Dirt-clogged ventilating spaces. / ' 

' ) Sj^gle-ohasing due to poor contacts in motor controllers or a blown fuse in a 

/Three-ohase suooly* circui t % P 
' v Dirt, oil, moisture, old age, or mechanical damage that can cause winding failures. 
' ' Imorooer Tct6r alignment. 1 f c 
j / Excessive vibration, 

! Worn insulation or oil-soa*ed insulation. 

] Sparks from commutator-type motors. * — 

Absence of orotective fuses, circuit breakers, thermal ove^oad relays. 

CHECK SWITCHES AND CONTROLLERS *0R: 

f 

N Lcose connections at terminals that -nay cause overheating and arcing. 
} Loose parts that may cause short circuits "or grounds. ' 
' 1 £xcessi arcing due to burned contacts or to low or dirty oil in switches, cvruit 

breakers, and starting Compensators* 
I ) Shor^c'rcui ts due to leanage of water, oil, or conductive dusts into switch enclosures. 
Jse of ordinary switches where ex old's wi proof or intrinsically^*^ switfches are -eauired. 
^ Inadequate .interrupt i-ve capacity. / . 

Jnorotected, poorJy-f i tti ng, or damaged covers on explosionproof enclosures, "mss-na^ 
knockouts *n switch enclosures. 
' ' Severe vibration causing loose connections. 

Absence of t^ght-fi^tmg covers securedjby hasos, ^ocks, or other means. 
] w'nusual noises 'rom a switch, or a switch or junction box that. feels warm to t. K e lands 

:-fECK LAMPS, ELEMENTS. TRANSFORMERS C 0R. - 

• ' , Absence of wi'-e guards on electric lamps, when lamps could come *n contact with ;om- 
sust'bles or might be easiJy oroken by pnysical^ contact. 
r ai]ure to jse explosionproof gloves in combustible vapor areas. 
r ailjre to jse Justoroof outer gloves in areas of combustible dusts. 
! 'radeauate ^s^Tation of portable grMls, ranges, industrial ovens. 

Ovcneated.^allast units of fluorescent lights. 
* Other ove^neated trans f ormers. 

:-e:< slant VEHICLES FOR: ' 

( ) l!oose wiring connections. ► « 

I \ Deteriorated insulation. 

' ' Defective switches. A 
I s Defective barriers. , ^ / 

* 

r-E3 -l£C*^::al hazards to check for 

r use bridging. , 
r uses rated too hign for the lead. 

^e^'odic :;eanmg 0* a*r r ilter olates 2nd o 1 ! tanks net oe-'ormed on eiectrcstafc 
a*r e'eamng eou'oment. 

*c*x coring m contact with or ceding toe close to tne c ^a^ced e ' ectroces 2' e'ecc'c- 
itivc 231": sorayngfcqu'oment. 
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ACTIVITY 7: 



State six OSHA requirements for electrical safety. 
'3. ' ( 



5. 
6. 



5. 



OBJECTIVE 8: List and discuss at least .five safety fea- 
tures available for" electrjc equipment! 

• < l Due to our increased awareness of how people suffer accidents with elec- 
trical equipment, manufacturers have adopted many features that can lessen . 
risks of exposure to hazards. # Some of these features include. specially de- 
signed receptacles and plugs, extension cords designed for specif ic -uses , 
bonding, double insulation, explosion-proof switches and lights, circuit 
breakers, and color coding'of wires. 

Industry and many domestic applications of electrical energy require 
different voltages and ciyrerjts; f therefore, a piece of equipment rated for 
one voltage and current should jnot be.plugged into a higher voltage or cur* 
r«nt capacity power system. To avoid~*or at least minimize just such an occur- 
ance, unique piLu^^aT]^ receptacles have been designed for different voltages 
and current capacities. Figure 8 shows a partial'assortment of the most com- 
mon plugs and receptacles as configured by the National Electrical Manufac- 
ures Association (NEMA). It is recommended .that both plugs and receptacles 
undjelfjOi periodic inspection and testing to disclose any problems that may have 
developed due to^wear and tear or possible errors in rewiring. It is not suf- 
ficent to visually inspect plugs or receptacles K especial ly In the instances 
where there is a grounding wire. Check >the ground pin on receptacles for 
effectiveness by seeing if a closed cirarr£ can be formed between a known 
ground {-such "as a water pjpe) and the groy*d pin of the receptacle* 

23 
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Figure 8. Receptacles and plugs with NEMA configurations. 

\ , To enable one to identify individual wires^and pins in approved commer- 
cial and residential wiring, the use of a standardized color cocte has been 
widely adopted.. This standardized, color code^when applied, will properly 
S'denUfy the I'tuft" (voltage-carrying ) , neutral, and ground wires found in 
commercial and residential installations. Red or black is generally the hot 
wire, which i $ ,the 'conductor tHat supplies fhe highest voltage from the 
source. White er grey denotes the" n^utif^P' wire , which is the conductor ^hat 
provides the return path to the source and may. carry a much lower voltage. 
Gre^M or green with yellow stripes denotes the grounding conductor, which is 
connected to a local highly reTiable ground, ^proved household wiring is 
governed by the National Electric Code; in this\ system' black is the hot wire, 
white is the neutral, and green is always the sj^ety conductor. 

In addition to fol lowing -color coding, manufacturers of electrical plugs 
and receptacles have agreed that certain positions vvil 1 be standardized for* 
placement of the hot, neutral, and ground wires. Figure 9 illustrates the 
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NEUTRAL 
LEAD 
(WHITE) ' 



NICKLE-CQLOR 
TERMINAL 



GROUND 
XEAO 
(GREEN) 



GREEN-COLORED 
TERMINAL 



HOT LEAD 
(BLACK) - 



BRASS-COLORED 
TERMINAL 



Figure 9. Common house plug an^ receptacles. 

standard position of £hese wires irt the normal house receptacles and plug. 
In addition to this -placement it is common practice to make the neutral wire, 
pin and slot* in the receptacle larger than the hot wire pin as also shown in 
Figure 9. 

Extension cords are so common that everyone should be familiar with the 
safety procedures for us^ig them. Only approved ^tension cords should be - r 
used. To prevent the wire strands from breaking, an effort should be made to 
avoid kink$ or unnecessary bending of the cord. Broken wires cart pierce the 
insulation and become a shock or short-circuit hazard. Extension \cords are 0 
designed for specific purposes, and it is necessary to use the correct cord 
for a particular usage. An extension cord must also be suitable for use under 
specific environmental conditions. Regular inspection is necessary to detect 
any cracks or breaks in the insulation. * * 

The third wire seen in the cord plugs and receptacles prescribed today 
versus the two wire cords of some years in tfie past is for the specific purpose 
of pttfviding a ground path* from electrical appliances or tools. This wire 
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carries no cufrervt- except in the case of ah accidental -short circuit in th,e 
device. The ground wire is conrvected to the metal case of the device. / Thus , 
if the neutral wire happens to open and a hot conductor makes contact with \ 
•the case, there a low -resistance conductive path to "carry the current, 
protecting the user. ' # c * 

Grounding not onty provides a means of carrying potentially .harmful cur- 
rent away frpm an unintended path, such as a person. It-alsQ lessens the # ' 
chance of accidental, arcing. In the presence, of flammabl-e liquids Or vapors, 
an electric arc or spark is most dangerous. An arc or spartc will occur-when* 
ever the difference in electric voltage 'between two conductors is -such that a 
conductive path can be created through the insulating material separating 

4 

them. 4f this difference in pressure can be prevented, no spark will occur. 
The source of the electric voltage is most often from static electricity. It 
is produced by two materials p rubbing together* or flowing past another. 
Connecting a ground wire'from a metal container to a water pipe or a ground- 
ing rod assures that no static charge'or electric voltage difference can exist 
between the container^and ground. When transferring flanwwrble substances from 
one'metallic container to another, it is common practice to ground one con- , 
twiner and then Connect the otl)er container to the first. This is called 
bpn^ing. Examples of grounding and bonding with respect to flammable liquid 
tanks ar£ shown in Figure 10. ^ 



PAINT OR SOJLV6NT DRUM 



WIRE TO 
BUS BAR 




*7 

SAFETY CAN 



WIRE TO GROUND ROD TRANSFER PUMP 



HOSE MAY BE EITHER 
CONDUCTING OR r 
NON-CONDUCTING 




GRODNO 
ROO-H 



PAINT OR SOLVENT DRUM 



SAFETY CAN 



Figure 10. Grounding and bonding of flammable liquid tank^. 
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To be effective there must be^adequate metal -t'o-met|l cohtact for ground- 
ing or bonding, Surfaces of drums or cans, with a heavy coat of *paint or other 
material will not al low .an adequate bonjl, since the coating acts as an insula- 
tor. Although funding wilT not be effective in all c§ses, it is recommended 
that alj equipment containing flammable liquids or vapors \±e electrically 
grounded, especially at [itfints of transfer from oner container to a&other. 

Portable tools and appliances can be brought today that do'not* have a j 

third wire ground. These devices must be protected by an approved system of O 

double insulatiorr, . Tools in this category are marked with the words "double 

» 

insulated," and'/those devices that have been tested^and listed with Under- 
writers' Laboratories will tarry the UL label. ^ftme U.S. manufacturers will 
use the international symbol for double insulation 'All electrical tools, 
equjpmlnt,. and appliances have' functional insulation; double jnsulated 
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have protective insulation which protects the user should the functional /n- 
sulation fail . * 

Dodble insulation isolates the energized^parts of the tool or appliance 
by a nonconductive liner? These isolated parts are enclosed in a nonconduc- 
tive case also. m Double' insulated or all-insulated tools do not require sepa- 
rate groundfCOnnfections due ttf" the low probability of l?oth systems of insula- 

* * * c - * * 

tion failing *±"the same time/ Figure 11 shows*-a drill with double insulation. 
Most people recognize the hazard involved in allowing electrical sparks, 
• arcs, or overheated condifl^fctos to come in contact with-air filled gasoline 
-vapors or gas*es like propane ,\iydrogen*/ or natural gas. However,' it is less 
common fgr people to realize that a.ir filled with fine dust or lint' is just 
as dangerous under the same circumstances. In any situation where there is 
a likelihood pf flammable. gases , vapors, dustsT^pr other easily ignitable ma- 
terials being present,- it is important that the qjjectrical equipment be .ex- 
plosBfc .proof . 

• - ^BLosion-proof equipment is made of heavy cfest materials 'designed to 
Withstafra high internal pressures without bursrfi^fand loosening', and they 
must, provide goqd* thermal ijrisuTation between the internal circuitry and the < 

^outside atmosphere. There should be no way in which any electric spark .or 
arc can cause ignition outside the .equipment, ."Due to the highly techofopal 
nature of the equipment and its selection for such environments, it iswimpor.- 
tan^t ihat' competent engineers conduct the selection and installation of the 
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INN ft* CONDUCTING LINER 




BRUSHES AND COMMUTATOR ARE 
SURROONOTVIY HiG~£tMPACf ^ 
INSLULATING MATERIAL 



BACK CAP OFFERS PROTECTION 
AGAINST POSSIBLE LOOSE OR 
FRAYED BRUSH WIRES 



INSULATED HANDLE 



Figure 11. Double- insulation. 

* 

explosion proof equipment. Ar> explosion proof switch box is^hown^in Figure 
12. Examples of explosion, proof equipment can found at flour mills, grain 
silos, texti /^factories, and refineries, to name a few locations^ 




ARCS AND SPARKS 
CONTAINED WITHIN AN* 
APPROVED HOUSING 




SEALS LIMIT THE 
EXPLOSION TO AN 
AREA CLOSE TO 
THE SOURCE 



J THE E 

n cool 
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Figure 12. Explosion proof equipment 



EQUIPMENT IS DESIGNED SO THAT ONLY 
GASHS ARE ALLOWED TO VENT TOTHE 
SURROUNDING HAZARDOUS AR€A 
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ElectHcity fjas been shown to move in closed circuits. If the circuit 
is interrupted, current ceases to^flow. In the case of an overloaded or 
short circuit, overcurrent devices protect personnel and equipment from dam- 
age by interrupting the circuit. The major types of overcurrent devices are 
fuses and circuit breakers \ Each device has its own application arrd reacts 
'to its own special set of circumstances, but all act to open the"'circuit an 

thus stop current flow. ■ < h * 

• i * 

Fuses are eit;hqr renewable or nonrenewable aod come in different- types . 
Two types are shown in Figure 13. Fuses are constructed so that the current 
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, » Figure 13. Common types of fuses. 

in the circuit must flow through a metal 'strip whfch will melt ft some temper- 
ature and then open the circuit. Every conductor has some resistance &nd heat 
is generated when current flows through a resistance. The metal strip in a 
fuse is of a type of material and of such a size tftat if more than a desired 
amount of current flows through it, enough excess heat is generated to melt the 
strip. After a fuse opens, the proper procedure for replacing the fuse is as* 
follows: 

• Deactivate the circuit which has the open or blown Tuse; i.e., turn 
the power off. ** 1 

- • Remove the fuse using insulated fuse pullers. 

• Replace the /fuse with the same size and type of gobd fuse, being 
sure that the current ratings of the new fuse is the same as the 

v old fuse. 

Another type of device that is commonly used for protection from over, 
current situations is. the circuit breaker. There are two genera'} types of 
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circuit breakers: thermal and magnetic. Both types are desisted so that 
-when more than a specific amcrynt of current flows in the circuit, a pair of 
switch contacts ppen and current stops flowing in the circuit. The circuit 
breaker is prefered in many><:i.rcumstances over the fuse because the. brea 
can barreset after a-d,elay.' .Circuit bracers are designed for many differe 
circuit conditions and siiould > be selected orv the basis of these conditions by 
qualified engineers and checlted by experienced maintenance personnel to make 
sure they are in good operating condition at .all "times. 

In addition to overcurrent .protection devices (fuses and circuit break- 
ers) the ground fault circuit interrupter - (Gf^CI) is used in ma'ny circuits. 
The GFCI detlects current leakage to ground"well below tihe level of human sen- 
sation ,and wnen'detected interrupts current flow. In hazardous locations 
such as construction sites -and swimming pools it i-s recommended that GFCIs 
be employed. The interrupters can detect insulation failures as well as con- 
nections between hot connectors and ground; however, they cannot provide pro- 
tection in the event that -a 'person makes contact between a hot line and a . 
neutral liner t\ 

'- : Whenever current i$-interrupted by one of the three devices previously 

v. 1 * • , 4 

~ discussed, such interruption is an indication that there ts something wrong 
'with the_cijcuit affected^ It is important' that this circuit be de-energized • 

and kept de-energized .until the trouble has been located and corrected. A 

V * 

procedure for, keeping .the circuit safely de-energized is discussed in the next 
section. ^ ' ' 

ACTIVITY 8: 

(Circle the letter, of the best answer.) 

* 1. To prevent r the accidental connection of low voltage 

equipment to high 'voltage sourc&s, plugs and recep- 
tacles are: 

• a. Color coded to' indicate the voltage level. 

b. . Indexed^by placement, stze, and-shape of 
. *. . conductor pins and slots. 

c. Both a and above. 

d. None of the above selections. J 
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2. To prevent the bui Id up of static electric charges 
on containers of flammable substanceLS and to pro- % 
tect against sparks transferring frofo one container 
to another it is common practice to use: , 

a. Grounding.. 

b. Bonding. 

( c. Insulating, 
d. '-Both grounding and bQnding. 

3. According to the National Electric Code, ^tffe color 
of wire in housew4ring *used to designate the hot 
conductor lead is: ' 

a. White. 

b. * -Green. 

c. Gr#y. * 1 

d. Black. • . ' 

4. Circuit breakers and fuses are devices that: 

a« Detect c^rrfent leakage to, -ground and open 
. . the circuit. 

b. fc Isolate a person from current sources. 

c. Interrupt 'current flow when that current 
flow, is greater than a specified amount: 

d. / Are used in atmospheres of flammable 

substances. • 

5. Double insulated electrical devices: 

a. Do not need .the additional ground wire. 

b, ■ Have functional insulatfon. 

> 

c; Have protective insulation. 
• d. All of the above. 



i 

* 



OBJECTIVE 0: ^List the prescribed OSHA rules to follow 
when using lockout procedures as a method of protection. 



/ 

As mentioned in the'previous section, when protective devices such as a 
GFCI, circuit breaker, or fuse activated and a circuit is opened, it 
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indicates that there is a' hazardous condition existing in the circuit that 
requires attention, the trouble may.be as'simple as too many devices being 
operated off the samfe supply circuit, or it may be as complex as a concealed 
malfunction in a receptacle or in some devjce; * It does^not make any differ- 
ence what the trouble is; it is important that maintenance personnel be in- 
formed and that the circuit b^ Inspected. To inspect t\e circuit with the 
% maximum degree of protection, it is important that the circuit* be open so 
that no current is flowing. In industrial a^nesidential situations it is 
important that. -a procedure be adopted that ensures that once a circuit is de- 
energized' it stays de-energiied until it ha* beefi inspected, and the trouble 
is corrected. To ensure that a circuit being inspected stays de-energized, 
0$HA recommends that -a lockout procedure be adopted. The basi c. operating 
rules' for this 'procedure 'are as .follows: -* <%- 

1. The circuit that is to be worked on has its power switch padlocked 
* in the off position. 

2. The circuit is tagged # with Information £s to who is working on the 
Circuit, the type of work being performed, the date,. and the depart- 
ment performing 4 the work. 

*3. ' There is only one key to the padlock apd^it is in the possession of 
the person working on the circuit. 

4. If there are numerdus people working on the same circuit for de- 
ferent reasons a multiple padlock hasp is employed so that each 
section performing- the needed work is protected. Figure 14 shows . 
£n example o£ just such a hasp. 




V 
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Accidental orunexpected actiVatTtfrflff circuits can be avoided by training 
persons to strictly foMow lockout procedural *; 



ACTIVITY 9: 



(Answeneach question as briefly. as possible.) 
1. Whyl isn't *it enough to put a sign on a circuit 
powfrr switch whert working on a circuits 

(_A ^ : - 



?0' 



2.* Why should oTlly one key-to^ .lockout padlock be 

insistence? \ * * 

_f , i 

' 3. Why would a person want to have the only Jcey to 
a 'lockout padlock if he were the person working 
on a circuit ■ * 
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ANSWERS TO ACTIVITIES 



ACTIVITY 1 

1. b. 

2. d. 

I 9 

ACTIVITY -2 

1. Conductors are* substances in which free electrons are easily formed 
and will flow readily through the material. 

2. Insulators are substances in which free electrons are not formed easily 
' and flow is "difficult. N ^ 

ACTIVITY 3 ^ 
J . - Column A • ' . ^* 1 

c. Voltage - . {^y* 

e. Power 

d. Current ■ . ^ 

f . Resistance 

a. *0hm's law ' ^ 

2. Current is directly proportional to the applied voltage and if inversely 
proportional to the resistance. 

ACTIVITY 4 

1. A circuit which provides an unbroken* path of current flow from the 
source to the load and back to the source. 

2. A circuit which has a source, load, and conductors but one tn which 
there is a break in the conductive pathway th*t prevents the flow of 

♦ current. * x 

3. A circuit formed when an alternate pathway of purrent flow is introduced 
in such a way that less current than before flows through the load. 
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ACTIVITY 5 ' • • ' * 

, 1. Improper use of equipment. 

2. AccidentJ^rtivation of equipment. 

3. --Overheating- of electrical equipment. 

4. Fire caused by electrical icnition. 

5. Eleptric shock. ' 

ACTIVITY JS 

1 . a. Heart stoppage. 

b. Stoppage of breath. 

c. Burins. 

2. _8_ Shallow cut on<arm. 
7 Burns on hand. 

• 2 No heart beat. 

' _3. Deep cut in thigh, with a lot of bleeding 

J_ Person cannot breath on own. 

5 Rapid pulse and breathing. 

6_ Broken leg. 

4 Severe burns on head artd neck. 

ACTIVITY 7 - 

1 . Use of interlocks. 

2. Use of physical barriers. 

3. Use of guards . 

4. Use of warning signs. 

5. fsolation of high voltage equipment. 

6. Routine inspections. 

ACTIVITY 8 

1. b. 

2. d. | 

3. d". 

• 4. c. • ' 

5. d.* * 
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ACTIVITY 9 

1. There is* no certainty that th,e sign will not be removed accidentally or 
on purpose, nor ij there any guarantee that another person will read or 
comply with Vie sign. 

2. This ensures that the person who puts the padlQCk on the lockout is the 
one who takes it off and no one else can activate the circuit in between 
times. 

3. This would reflov* or minimize the possibility^ of ( the 'circuit being en- 
ergized while someone is working on it. 



* * 
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